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SUMMARY
Persistence of lymphocytic choriomeningitis (LCM) virus in mice infected in utero or neonatally is due to impairment of the specific subsets of thymus-dependent lymphocytes which, in the adult normal mouse, are involved in elimination of LCM virus. Virus-thymocyte interactions were studied since it was likely that this impairment takes place in the thymus. Using an infectious centre assay, we found that about 1% of the thymocytes from foetal and neonatal mice were productively infected by the virus while thymocytes from older mice were refractory to infection. The infected cells were Thy 1-positive and agglutinated by peanut lectin together with immature lymphocytes. Later, when virus persistence was established, the number of infected thymocytes declined to about 0.1% and these cells were not agglutinated by lectin. The results are compatible with the assumption that thymic precursor T-cells capable of eliminating LCM virus are chronically infected by the virus and rendered non-functional.
Adult mice infected with lymphocytic choriomeningitis (LCM) virus generate specifically sensitized thymus-derived (T) lymphocytes (Cole et al., 1972; Marker & Volkert, 1973) which have a role in the virus-induced immunopathological disease, as well as elimination of the virus and immune protection (Zinkernagel & Doherty, 1973; Zinkernagel & Welsh, 1976) . In contrast, mice infected with LCM virus in utero or shortly after birth do not generate such cells (Marker & Volkert, 1973; Cihak & Lehmann-Grube, 1974) and in these mice the virus persists indefinitely (Traub, 1939) . All other immune functions, including the production of anti-LCM virus antibodies (for review, see Oldstone, 1979) and the rise of cytotoxic T-cells against the related Pichinde virus (Buchmeier et al., 1980) are present in virus-carrier mice. The mechanism by which LCM virus subverts the specific T-cell subset involved in the elimination of the virus is largely unknown.
In the blood and lymphoid organs of virus-carrier mice, a subpopulation of resting lymphocytes contains replicating LCM virus (Popescu et al., 1977 (Popescu et al., , 1979 Doyle & Oldstone, 1978) . This subpopulation may represent the LCM virus clone of lymphocytes unable to function because they are infected (Popescu et al., 1979) . The circumstances leading to the infection of lymphocytes in carrier mice have remained unknown. Since resting lymphocytes do not support virus multiplication (for review, see Woodruff & Woodruff, 1975) , it is possible that infection of lymphocytes in carrier mice occurs during differentiation when lymphocytes might be susceptible to the virus. Since the thymus accounts for differentiation of lymphopoietic cells into immunocompetent T cells (Zinkernagel et at., 1978) and establishment of neonatal tolerance to non-viral antigens (for review, see Streilein, 1979) , it was of interest to analyse the participation of thymocytes in the LCM virus infectious process leading to neonatal tolerance and virus persistence.
Experiments were done with Swiss mice and the WE strain of LCM virus which had been plaque-purified and subsequently grown in L-cells. Determination of p.f.u, and infectious centres or virus-plaque-forming cells (V-p.f.c.) was done in L-cells as described previously (Popescu & Lehmann-Grube, 1976 cerebral inoculation of newborns with 100 p.f.u. Thymuses from normal or virus-carrier mice were collected under a stereomicroscope and detached from lymph nodes and parathyroid glands. Lymphocytes from thymus and spleen were purified by centrifugation on lymphocyte separation medium (Bionetics, Kensington, Md., U.S.A.), washed once and resuspended in RPMI 1640 medium + 10% heat-inactivated foetal bovine serum, 3 mM-glutamine and 25 /~g/ml gentamicin. Thymocytes were infected for 2 h at 37 °C with LCM virus (m.o.i. of 1 to 2) and treated for 30 rain at 37 °C with anti-LCM virus rabbit antiserum diluted 1:20 (plaque-neutralization titre of non-diluted antiserum = 1024) to neutralize the free virus. Cells were washed twice, counted with trypan blue, adjusted to 2 x 106 cells/ml of medium and spread on L-cell monolayers for determination of V-p.f.c.
To assess the participation of lymphoid organs in the process of LCM virus persistence in mice, thymus and spleen were collected at intervals post-neonatal inoculation. After the cells were dispersed and treated as described above, the virus released in the dispersing medium (p.f.u.) and the infectious cells (V-p.f.c.) were assayed in parallel. The results (Fig. 1) showed that in the thymus, both p.f.u, and V-p.f.c. accumulated rapidly and reached titres which were at least 10 times higher than those found in the spleen. With the progression of persistence, the virus titres in the thymus declined and approached the level found in the spleen.
In a separate experiment, the virus was titrated in the homogenate of organs from 7-day-old Swiss mice inoculated neonatally with LCM virus. The number of p.f.u, per g of tissue found in the thymus (1.04 × 108) was higher than that found in the brain (5.18 x 106), liver (1.66 x 106), kidney (2.40 x 10v), lungs (3.22 x 103), muscle (1.36 x 106) or spleen (6.26 x 106). These results indicated that early in persistence the thymus was a primary target for LCM virus multiplication, although only about 1% of the cells in this organ were productively infected.
Since LCM virus persistence can only be induced by infection of mice before or shortly after birth, we wanted to know whether the susceptibility of thymocytes to this virus was also limited to the perinatal period of mouse life. Groups of I0 mice were inoculated intracerebrally with virus at day 7 or day 14 after birth. Two mice from each group were sacrificed 7 days post-infection for determination of V-p.f.c. in the thymus. The remaining mice were kept for further observations. The thymus of neonatally infected mice contained 1.30 x 104 V-p.f.c./106 thymocytes (1.3%). The mice from this group became adult carriers, as determined by titration of LCM virus in the blood. In contrast, the thymus of mice infected at 7 or 14 days of age contained less than 5 x 102 V-p.f.c./106 thymocytes (<0-05%). The mice from these groups died after a typical paralytic episode 6 to 11 days post-infection, indicating that T lymphocytes were fully reactive and able to induce the characteristic lethal immunopathological disease. To verify whether the observed age-related susceptibility of thymocytes was dependent on the cells rather than the organism, thymocytes from foetal, neonatal or adult mice were infected with LCM virus in vitro. Foetal and neonatal thymocytes were permissive to virus infection while adult thymocytes were not, even after a prolonged interaction with the virus (Table 1) .
In another experiment, LCM virus (104 p.f.u./5/A) was inoculated directly in the thymus of surgically opened Swiss mice (2 months old). At 48 and 72 h post-inoculation, groups of three mice were killed and, after preparation of thymus cell suspensions, the V-p.f.c. were assayed. The number of virus-infected thymus ceils was below sensitivity of the assay employed (0.005%).
These results suggested that the susceptibility of thymocytes to LCM virus was limited to about 1% of the cells which were present only in the foetal and neonatal periods of mouse life, when the encounter of the organism with the virus led to persistent infection. In addition, the data indicated that the presence of V-p.f.c. in the thymus of the adult carrier mice cannot be explained by infection of cells in the adult thymus.
The V-p.f.c. from thymus of carrier mice were not adherent to plastic, glass, nylon wool or carbonyl iron particles (results not shown). However, the V-p.f.c. were destroyed by treatment with anti-T-cell antiserum plus complement, regardless of the duration of virus persistence in the host ( Table 2 ), indicating that they were Thy 1 antigen-bearing lymphocytes. Similar results were obtained with foetal and newborn thymocytes infected in vitro with LCM virus (reduction of V-p.f.c. after treatment: 78.9 % foetal, 88-8 % newborn).
Further characterization of virus-infected thymocytes was achieved by agglutination with peanut lectin (peanut agglutinin: PNA) which binds to immunologically immature lymphocytes, but does not agglutinate the minor population (10 to 15%) of mature immunocompetent lymphocytes (Reisner et al., 1976; Roelants et al., 1979) . The results of lectin treatment (Table 3) showed that most V-p.f.c. from suspensions of foetal thymocytes infected in vitro with LCM virus or the thymus of 4-day-old neonatally infected mice were * Thymocytes were incubated with optimal concentrations of anti-Thy 1 antiserum (60 min at 4 °C) and rabbit complement (60 min at 37 °C). agglutinated by PNA. However, the V-p.f.c. from thymus of adult carrier mice were not agglutinated by lectin, indicating that these cells and the mature lymphocytes have similar surface properties. The results of this research shed some light on the method by which LCM virus subverts the function of a subset of T lymphocytes responsible for elimination of the virus. The data indicate that LCM virus multiplies in about 1% of foetal or neonatal thymocytes which were not previously stimulated. The thymocytes of older mice could not be infected, confirming independent research by Tijerina et al. (1980) . Such age-dependent susceptibility cannot be explained satisfactorily by the inability of circulating LCM virus to reach the thymus lymphocytes since the thymocytes from adult mice were refractory to in vitro or in situ infection. These results led to the question of why the thymus of the adult carrier mouse infected neonatally with LCM virus contains lymphocytes which score as V-p.f.c. The answer might be related to the differentiation process of lymphocytes. Possibly, at least some of the perinatal lymphocytes susceptible to LCM virus maintain the virus during differentiation and beyond the time when the majority of lymphocytes are no longer susceptible.
Support for this interpretation stems from the observation that most of the productively infected perinatal thymocytes were fractionated together with the immature immunoincompetent PNA ÷ cells which are believed to differentiate into mature immunocompetent PNA-lymphocytes (Weissman, 1973) . Furthermore, the infected thymocytes from adult carrier mice were PNA-, in agreement with the earlier data showing that these cells labelled with anti-LCM virus fluorescent antibody were located mainly in the medulla (Brown, 1968; Popescu et al., 1979) which is the site containing precirculating immunocompetent lymphocytes. Testing this hypothesis will require not only a clarification of the disputed progeny relationship between the major classes of thymocytes (for review, see Stutman, 1978) but also the description of the yet unknown differences related to age within each class. Therefore, we do not know why the population of immunoincompetent PNA + lymphocytes which represents the major class of thymocytes from late foetal to the entire post-natal period of mouse life loses the LCM virus-susceptible lymphocytes observed in the perinatal thymus. Hence, it appears that the characteristics of this class, namely low reactivity in functional assays (immunoincompetence), high Thy 1 and low H-2 antigens, sensitivity to hydrocortisone and agglutinability by PNA (Reisner et al., 1976) do not alone account for the age-related susceptibility of lymphocytes to infection.
The absence of LCM virus-reactive T lymphocytes in persistently infected mice is currently explained either by clonal deletion or by clonal suppression (for review, see Oldstone, 1979) . The data presented here did not indicate the immunological specificity of LCM virussusceptible thymocytes. Assuming that this subpopulation of cells bearing receptors for LCM virus comprises the LCM virus clone of lymphocytes, then conceivably the virus might alter their programmed specialized function leading to immunological tolerance and virus persistence.
